Two 21-day feeding trials were conducted using either 24 Hampshire (H) or 24 Chester White (CW) pigs at approximately 5 months of age to evaluate the effects of a diet containing 40% dried whey on the performance and the lactase activities in the gut of finishing pigs. Dried whey increased the incidence and severity of diarrhea in both CW and H (P<.005) but depressed the rate of gain, gain/feed, and feed intake (P<.005) only in H. The pigs were slaughtered on day 19, following a 12-hr fast (0 hr), or at 1, 2 or 3 hr after consuming approximately 150 g of lactose from 500 g of the dried whey diet. Previous dietary treatment did not affect the rate at which lactose left the stomach or the recovery of lactose in the small intestine except for a diet • segment interaction (P<.05) in H where more lactose was recovered in the lower one-third of the intestine of the controls. Total mucosal and contents lactase activities in the small intestine were not altered by diet but total cecal lactase was increased (P<.05 H; P<.005 CW) in the groups fed dried whey. Times after feeding did not affect lactase activities in CW but in H the 0 hr group had lower (P<.005) total mucosal activity than the 1-, 2-, or 3-hr groups. The lactase activity in the contents of the intestine of H fed dried whey was greater (P<.05) than that of the controls.
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INTRODUCTION
In previous studies (Ekstrom et al., 1975b,c) a comparison of the total mucosal lactase activities in the small intestine of 5-month-old Chester White (CW) and Hampshire (H) pigs showed that the activity in CW was 2-1/2 times greater. However, this difference in lactase activity did not result in differences in performance between the two breeds when a diet containing 40% dried whey (approximately 30% lactose) was fed from 6 or 12 weeks of age to market weight. While lactase activities in the contents of the small intestine and cecum of the pigs fed the dried whey diets tended to be higher than that of controls, the measurements were made at only one time point (4 hr post-feeding) and may not reflect the maximal adaptive response to lactose intake.
The primary objectives of the present studies were: (1) to evaluate the performance of Chester White and Hampshire pigs fed a diet containing 40% dried whey during the latter portion of the finishing period; (2) to determine if consumption of high levels of lactose (whey diet) altered the lactase activity in either the mucosa of the small intestine or the contents of the small intestine and cecum; (3) to establish if rapid adaptation of lactase activity occurred in the small intestine or cecum after lactose intake.
EXPERIMENTAL PROCEDURE
Two trials were conducted, approximately 6 months apart, using the same housing facilities and experimental procedures. The experiments were factorials of two diets (0 or 40% dried whey), four killing times (0 time, and 1, 2 and 3 hr after feeding), and, when applicable, six 3-m segments of the small intestine. The first trial involved 24 5-month-old CW pigs, 11 barrows and 13 gilts, from five litters. In the second trial the 24 H pigs, 20 barrows and four gilts, from eight litters were approximately 5 89 106 JOURNAL OF ANIMAL SCIENCE, Vo|. 42, No. 1, 1976 months of age. The pigs, which had been fed the same corn-soybean oil meal diet from weaning were allowed 3 days to adapt to individual pens while being fed the control diet and then were randomly allotted within litters to the control and 40% whey diets (table 1) . The crude protein, lactose and ash content of each diet is shown in the bottom section of that table. Body weights and feed consumptions were recorded at weekly intervals and daily observations were made on the incidence of diarrhea and the general physical condition of each pig. To measure the severity of diarrhea during the study, a score from 0 to 3 was given to each pig daily: 0 "normal" formed feces; 1 possible slight diarrhea; 2 definitely unformed, moderately fluid feces; 3 very watery, and/or frothy diarrhea.
After being fed the experimental diets for 18 days, the pigs were fasted for 12 hr and then, except for those in the 0 hr group, were offered 500 g of the 40% whey diet for 30 minutes. Pigs from each dietary treatment were randomly allotted to one of four killing times (0 time, or 1, 2, or 3 hr post-feeding). The length of time between feeding and slaughter was measured from the start of the 30-min meal period. The different killing times were used to determine if rapid adaptation of lactase occurred in the contents of the small intestine or the cecum in response to a 500 g meal which contained approximately 30% lactose. At the end of the meal period the feed remaining was weighed so that the total lactose intake could be calculated. After slaugher the contents of the stomach, cecum and consecutive 3-m segments of small intestine were recovered. Segments (10 cm) were excised from each meter of intestine and frozen (-20 C) until they could be scraped and homogenized for the determinations of total mucosal lactase activity. The details of the sampling procedures and the lactose and lactase assays performed on the samples were described previously (Ekstrom et al., 1975b) . Because of the large number of samples that were taken from each pig, only four animals were killed each day. The pigs were slaughtered in pairs (one from each fLactose content was determined enzymatically as described previously (Ekstrom et al., 1974b) .
gSamples were ashed at 600 C for 4 hours. avalues represent the mean -+ SE (n = 12).
**Different from controls (P<.O05).
dietary treatment) with a 2-hr interval between pairs. The data were analyzed statistically by analysis of variance and Duncan's new multiple range test was used to test the differences between means only when the F value from the ANOVA was significant (Steel and Torrie, 1960) . Since the two trials were not conducted simultaneously, the data of the two breeds were not compared statistically.
RESULTS AND DISCUSSION
The average gain and gain/feed data for the two trials are shown in table 2. The diet containing dried whey did not alter the performance of the Chester White pigs, whereas, the growth rate, efficiency (gain/feed), and feed intake of the Hampshires fed the 40% whey diet were depressed (P<.005). Throughout the feeding trial the Hampshire pigs fed the whey diet exhibited a much higher incidence (P<.O05) of moderate to severe diarrhea than controls, as indicated by the total diarrhea scores for each 6-day period (table 3) . Of the 12 Hampshire pigs fed the 40% whey diet the number exhibiting slight, moderate, or severe diarrhea during the feeding trial was 12, 10 and 8, respectively. Of 12 Hampshire pigs fed the control diet only one pig had severe diarrhea, four had moderate and nine had slight diarrhea at some time during the feeding trial. The severity of diarrhea, as judged by the total weekly scores for each pig, was also greater (P<.005) in the Chester White pigs fed the whey diet as compared to the control Chester Whites (table 3) . However, even though there was evidence of diarrhea in the Chester White pigs fed the whey diet their performance was not adversely affected (table 2) .
In a previous study (Ekstrom et al., 1975a ) a 40% whey diet, similar to that used in this study, did not adversely affect the performance of five Hampshire pigs but did produce severe diarrhea periodically in two of the animals. In that study the pigs were first fed the 40% whey diet at either 6 or 12 weeks of age in contrast to 5 89 months of age in this experiment. This avalues shown under each score (0, 1, 2 and 3) represent the total number of pig-days on which each score was obtained. Total number of pig-days for each treatment group in each time period = 72. Daily scores were given for each pig: 0 normal; 1 possible slight diarrhea; 2 definitely unformed, moderately fluid feces; 3 very watery and/or frothy feces. ***Incidence more severe (P<.005) than in controls. may be a critical difference because the total lactase activity in the small intestine remains essentially constant after 3 weeks of age (Ekstrom et al., 1975c) . Consequently, while the daily lactose consumption from the 40% whey diet increases as the energy requirement of the pig increases due to their increased size, there is no corresponding increase in mucosal lactase. For Hampshires the amount of lactose consumed daily, approximately 925 g at 51/2 months with normal feed consumption, greatly exceeds the estimated total mucosal lactase activity of 260 (g of lactose hydrolyzed/2ff hr) (Ekstrom et al., 1975b) . From 6 to 12 weeks of age, the daily feed consumption, 1.0 to 2.5 kg, is much less than the amount consumed at 51A months and consequently the amount of lactose consumed, 300 to 750 g, does not exceed the total mucosal lactase activity as dramatically. Cunningham et al. (1963) reported that when large amounts of lactose reached the ileum of 50 to 70 kg pigs within 1 hr after feeding, large volumes of fluid were also recovered. Conceivably, with less lactose escaping hydrolysis and reaching the large intestine in the younger pigs there may be less of an osmotic effect and consequently less fluid in the gut. The osmotic distrubances and resultant diarrhea in the lower GI tract of 51A month pigs may have been so severe that the rapid transit time for the lactose through the lower tract made adaptive changes by the microflora in the large intestine impossible.
Previous dietary treatment did not affect the rate at which lactose left the stomach in either breed as indicated by the amount of lactose recovered in the stomach (table 4) . Approximately 65% (94 g) and 49% (70 g) of the lactose consumed by H and CW, respectively, had left the stomach 1 hr after the start of the 30-min meal period (table 5) . Three hours after the meal less than 7% of the ingested lactose remained in the stomach. Of the lactose that had left the stomach by 1 hr only 24.9% (23.4 g) and 14.6% (13.7 g) (H) and 18.7% (13.1 g) and 10.3% (7.2 g) (CW) were recovered from the small intestines of the control and 40% whey groups, respectively (table 4). Lactose moved very rapidly along the small intestine during the first hour since much of the lactose recovered was found in the ileum ( figure 1A,C) . The amount of lactose recovered from the segments differed (P<.005) with the last three segments containing approximately 85% of the total amount recovered. The amount of lactose in the small intestine of the Hampshires at 2 bEach value is the mean of three observations. CLactose recovered at 2 and 3 hr was greater than at 1 hr (P<.O1). aAll animals were fasted for 12 hr and then, except for those sacrificed at 0 hr, were offered a 500 gmeal containing 29.3% (Hampshire) or 30.1% (Chester Whites) lactose for 30 minutes.
bEach value is the mean of three observations. and 3 hr after feeding (table 4) was similar for both dietary groups and greater (P<.01) than at 1 hour. A potentially important observation in relation to lactose consumption and diarrhea is that by 1 hr after feeding most of the recovered lactose was in the distal half of the small intestine (figure 1) where previous studies (Ekstrom et al., 1975b,c) have shown the mucosal lactase activity to be very low. It would seem likely that if the lactose in this portion of the gut is to be hydrolyzed, some enzyme other than mucosal lactase must be involved. A diet • segment interaction (P<.05) with respect to lactose recovery in the small intestine of the Hampshire pigs was observed. The amount of lactose recovered in the last two segments of small intestine of the pigs fed the control diet tended to remain high while the lactose in the last segment of those fed the whey diet was always lower than that in the 13 to 15 m segment. The lower amount of lactose in the contents of the last segment of small intestine of pigs fed the whey diet was associated with a significantly higher lactase activity.
The changes in the amount of lactose in the small intestine of Chester White pigs with time (table 4) were similar to those observed in the Hampshires. Lactose in the small intestine of CW was higher (P<.01) at 2 and 3 hr than at 1 hour. Differences between segments were significant (P<.005) ( figure 1C,D) , in that approximately 82% of the lactose was recovered in the distal half of the small intestine.
The amount of lactose recovered in the cecum was relatively small in relation to the amounts of lactose consumed (table 4). In both studies the amount of lactose recovered in the cecum of the control group was greater (P<.05) than in the pigs fed whey. However, the total volume of contents recovered in the small intestine and the cecum was not altered by diet in either breed (table 6). Time after feeding affected the amount of lactose recovered (P<.005 H; P<.05 CW), with the lactose recovered at 3 hr after feeding representing approximately 75% of the total recovery. With Hampshires there was a significant diet • time interaction (P<.05). The relative increase in cecal lactose in the controls 3 hr after feeding was much greater than that of Dietary treatment during the feeding trial: C = control, W = 40% dried whey.
bTime of slaughter: 0 = 12 hr fast; 1, 2 and 3 represent hours after the start of a 30-min period during which a 500 g meal containing 40% dried whey was offered. the 40% whey group. A similar trend was apparent in CW 3 hr after feeding with the interaction approaching significance at the 5% level (P<.07). In view of the accumulation of lactose in the lower portion of the small intestine, especially in H pigs, 2 and 3 hr after feeding (figure 1B) it seems likely that appreciable amounts of lactose escaped hydrolysis in the small intestine and entered the large intestine. Unfortunately, lactose measurements and lactase assays were not carried out on the contents of the large intestine in these studies.
The lactase activities of the contents of the cecum (figure 2) of Hampshires and Chester Whites fed the 40% whey diet were significantly greater than controls (P<.05 H; P<.005 CW) indicating an adaptation to the whey diets during the feeding trial. From the mean total cecal lactase activity of the Hampshires fed the 40% whey diet (210 + 28 g/24 hr) it would appear that the lactase activity of the cecum can account for the hydrolysis of amounts of lactose similar to that estimated for the mucosal lactase of the small intestine (260 -+ 20 g/24 hr). Interestingly, Dahlqvist and Thomson (1964) reported a similar relationship between cecal lactase and the total lactase activity in the small intestine of rats receiving a diet containing 5% lactose. The bacterial populations in the contents of the cecum and large intestine have been reported to be similar in the number/ml and type of organisms present (Smith and Jones, 1963) , and the total volume of contents may be five to six times greater in the large intestine than in the cecum . Consequently, if the lactase activity in the contents of the large intestine responds in a manner similar to that in the cecum then the total lactase activity of the contents of the lower track may be much greater than the total mucosal lactase activity of the small intestine. In view of the accumulation of lactose in the lower small intestine ( figure 1A ,B,C,D) and cecum of the controls (table 4) it seems likely that appreciable amounts of lactose do reach the large intestine. Consequently, a major portion of the lactose hydrolysis and perhaps 0 I 2 3 0 I 2 3 Figure 2 . The effect of a diet containing 40% dried whey on the total lactase activity in the contents of the cecum of Hampshire (left) and Chester White (right) pigs at 0 time, and 1, 2 and 3 hr after a 500 g meal containing 40% dried whey. Values represent the mean + SE (n = 3). Previous dietary treatment 9 control 40% dried whey.
HOURS AFTER FEEDING
EKSTROM, GRUMME R AND BENEVENGA Figure 3 . The effect of a diet containing 40% dried whey on the total lactase activity in the contents of the small intestine of Hampshire (left) and Chester White (right) pigs at 0 time, and 1, 2 and 3 hr after a 500 g meal containing 40% dried whey. Values represent the mean + SE (n = 3). Previous dietary treatment 9 control m 40% dried whey.
further metabolism of the lactose may occur in the large intestine and cecum. Cecal lactase activity did not change significantly with time after the meal indicating that rapid adaptation did not occur in response to the lactose in the meal.
The total lactase activity of the contents of the small intestine at 0 time and 1, 2 and 3 hr after feeding is shown in figure 3 . Diet and time after the meal had no effect on the lactase activity in either breed. However, with Hampshires significant segment (P<.01) and diet • segment (P<.05) effects were observed in that the upper third and the lower third of the small intestine contained higher activities than the middle third and the increase in activity in the lower third of the intestine was relatively greater in the 40% whey group than in the controls (figure 4). The increase in lactase activity in the lower segments is consistent with the adaptive response to the whey diet seen with cecal lactase and also could be responsible for the diet • segment interaction described above for the lactose recoveries from the small intestine of Hampshires. Statistical analysis of the total lactase activity in the contents of the small intestine of Chester White pigs revealed differences only between segments (P<~.005) (figure 4).
The distribution of the lactase activity of the contents along the small intestine, especially for the Hampshires, is somewhat different from that of the mucosal lactase (figure 4). In the upper portion of the small intestine, sloughed mucosal cells or mucosal enzyme that is removed during the KC1 "wash" used to recover the contents could be responsible for much of the contents activity. However, the increase in activity in the contents of the lower third of the intestine relative to the middle section with Hampshires is in direct contrast to the pattern seen for mucosal lactase. In many of the Hampshires there was virtually no measurable mucosal lactase activity in the last 3 m of the small intestine but that section contained over 25% of the total activity in the contents. It is impossible from this data to determine how much of the lactase activity in the intestinal and cecal contents is derived from mucosal lactase, sloughed from the upper small intestine. However, the apparent adaptation to the whey diets indicated by the diet • segment interaction (P<.01) for the Hampshires and the diet effect (P<.01 CW; P<.05 H) on the cecal lac~ase of both breeds is consistent with the theory that the intestinal microflora contribute significantly towards the hydrolysis of lactose ,,• 125 100 75 50 2:.5
(4-6) (7--9) (10--12) (13-15) (16-) INTESTINAL SEGMENT (METERS FROM PYLORUS) Figure 4 . The distribution of lactase activity in the mucosa and contents along the small intestine of Chester White and Hampshire pigs. The values represent the mean + SE of 12 observations (3 each at 0 time, and 1, 2 and 3 hr after feeding). M = total mucosal lactase, C = total contents lactase for the respective 3-m segments.
in the lower portion of the gut. Studies involving germ-free rats (Reddy et al., 1968) , pigs (Schaffer et al., 1965) and chicks (Siddons and Coates, 1972) strongly support this contention.
The mean total mucosal lactase activities for the 24 pigs of each breed were (g/24 hr + SD) 276 + 21 (H) and 641 + 127 (CW). Although the validity of comparisons between the two breeds is questionable because the experiments were conducted at different times, the difference (P<.005) (t-test for unpaired observations and unequal variances) is consistent with those reported in previous studies involving the two breeds (Ekstrom et al., 1975b,c) . Further studies are necessary to establish whether similar differences exist throughout the population of the two breeds.
The total mucosal lactase activities and the distribution of the activity along the tract were not affected by diet in either study (figure 4). Similar results were obtained from specific activity measurements (#moles/mg protein/hr) and total activity (g/24 hr) measurements in previous studies with pigs (Ekstrom et al., 1975b) and specific activity measurements with rats (Leichter, 1973; Reddy et al., 1968) . It should be noted however, that in other studies with rats the intestinal lactase specific activity (Bolin et al., 1969 (Bolin et al., , 1971 Cain et al., 1969) and total intestinal lactase activity (Fisher, 1957) were elevated by feeding lactose. Similarly, Wen et al. (1973) reported elevated lactase specific activities in monkeys fed lactose. The factors causing the discrepancies among the results of these studies are not readily apparent.
The Hampshire pigs killed at 0 hr had lower (P<.005) total mucosal lactase activities than any of the pigs fed prior to slaughter (194 vs 316, 282 , and 313 g/24 hr for the 1-, 2-and 3-hr groups, respectively (SE = 8.7). Since fasting, or time after feeding, did not affect the mucosal lactase activities of Chester White pigs, further studies are necessary to establish whether the difference observed in the Hampshire pigs represents a real effect of fasting and/or feeding. Further investigations are also necessary to prove that lactose is actually the component of the dried whey responsible for the intolerance observed in the Hampshire pigs and to determine if the increase in lactase activity in the cecal contents represents a specific response by the gut microflora.
